Background

I
n Europe, only 10-40% of children aged 11-15 years meet the recommended 60 min of physical activity a day, while 40-70% exceed the recommended limits of screen time such as watching TV/DVDs and using the computer and games consoles for leisure.
1,2 Low physical activity and high screen time levels contribute to the high rates of childhood overweight and obesity, 3, 4 which currently range between 16-34% in European countries. 5 Further, an active lifestyle with less screen time provides children with other significant health benefits, such as high bone density, good motor skills and physical fitness. [6] [7] [8] Since physical inactivity and sedentary behaviour can track from childhood into adulthood 9 and lead to chronic conditions such as cardiovascular disease and diabetes, 10 it is important to encourage active lifestyles early in life when children form behavioural habits.
Parents play an important role in modelling healthy behaviours to their children. 11, 12 For example, parental modelling of active recreation and TV viewing has shown to influence children's engagement in active play and screen time. 13 Parents usually recognise the importance of physical activity and limiting screen time, but often model sedentary lifestyles including excessive TV viewing and computer use. 14 The influence of parental modelling is typically assessed by examining associations between the same parent and child health behaviours. 11 Many previous studies [15] [16] [17] [18] [19] [20] have shown positive associations between parent and child physical activity, but other studies have not. [21] [22] [23] [24] Hence, systematic reviews 25, 26 have demonstrated inconclusive evidence on the influence of parental modelling on children's physical activity behaviour. More recently, studies 20, 27, 28 have also examined the influence of parental modelling on children's screen time, suggesting that high parental screen use is associated with high screen time in children. However, there are important factors concerning parental modelling of active and sedentary behaviours that remain insufficiently explored, and this may explain the inconsistencies in study findings. First, the influence of parental modelling across different physical activity domains (e.g. sport, outdoor activities, active transport) has received little attention in previous research. This is worth exploring as parents may influence children's physical activity behaviours by modelling domain-specific activities rather than overall physical activity accumulation. The same can be argued for sedentary behaviours, where the impact of parental modelling may differ regarding the use of specific screenbased technologies. Second, few studies 20, 28, 29 have explored in depth the influence of gender in the relationship between parent and child physical activity and screen time behaviours. Emerging research suggests that maternal and paternal role modelling potentially have differential impacts on children's physical activity and sedentary behaviours. 18, 28, 30 Finally, the influence of maternal and paternal role modelling seems to differ in boys and girls. For example, Fuemmeler et al. 30 identified positive associations between mothers' and girls' physical activity, and between fathers' and boys' physical activity, whilst associations were non-significant in pairs of opposite genders. In contrast, a recent study by Totland et al. 20 showed stronger associations between father and daughter than father and son for TV/DVD time.
To address these gaps in the literature, the present study aimed 1) to investigate associations between parent and child domain-specific physical activities (sport, outdoor activities, active transport) and screen time activities (TV/DVD viewing, computer/games console use), and 2) to determine whether the observed associations are moderated by parent and child gender.
Methods
Study population
The sample comprised school children aged 10-12 (n = 3300) and their parents (n = 2933 recruited for the UP4FUN intervention study. The UP4FUN intervention was a school-based and familyfocused program aiming to reduce and break up children's sitting time at home and at school. 31 It was implemented as part of the EuropeaN Energy balance Research to prevent excessive weight Gain among Youth (ENERGY)-project. 32 A convenience sample of 62 schools was recruited in five European countries (Belgium, Germany, Greece, Hungary, Norway). For the present study, we used the UP4FUN baseline data collected in September 2011. More detailed information about the sampling, recruitment and data collection procedures used in the UP4FUN project can be found elsewhere. 33 
Ethics, consent and permissions
Ethical approval for the UP4FUN project was obtained from local ethics committees in the participating countries: Belgium (The Medical Ethics Committee of the University Hospital Ghent), Greece (The Bioethics Committee of Harokopio University), Hungary (The Scientific and Ethics Committee of Health Sciences Council), Germany (State Medical Chamber of BadenWürttemberg), and Norway (The National Committees for Research Ethics in Norway). Prior to study participation, schools, parents and children in all countries provided written informed consent.
Measures
Measurements were conducted following standardised protocols. 34 Child and parent questionnaires were used to assess sociodemographic variables, as well as child and parent physical activity and screen time behaviours. Detailed information on questionnaire development, data collection procedures and training of research staff are published elsewhere. 31, 34 Child physical activity and screen time behaviour-outcome variables Physical activity: Child sport participation was assessed by asking 'How often do you do sports activities (e.g. football, cycling, running, dancing) at leisure time?'. Response options were 1 (never), 2 (less than once a week), 3 (once a week), 4 (two times a week), 5 (three times a week), 6 (four times a week), 7 (five times a week), 8 (six times a week) and 9 (everyday). Outdoor play was assessed by asking 'How often do you play actively outdoors at leisure time?'. Response options were 1 (never), 2 (less than once a week), 3 (once a week), 4 (two times a week), 5 (three times a week), 6 (four times a week), 7 (five times a week), 8 (six times a week) and 9 (everyday). Walking and cycling for transport was assessed separately using two questions: 'How do you usually travel to/from school?' (by bike, foot, car, public transport) and 'How long does it usually take you to travel home from school with your usual mode of transportation?' (5 response categories ranging from 0 to 5 min to more than 60 min). Total daily minutes spent respectively in walking and cycling for transport was calculated by multiplying the mean time of the response category with 2, as it was assumed that if a child cycled or walked to school, the same mode of transportation was taken on the way back. Screen time: Child TV/DVD time was assessed by asking 'How many hours a day do you usually spend watching TV/DVD in your leisure time?' for weekdays and weekend days separately. Daily TV/DVD time (min/day) was calculated by formula: [(TV time weekday x 5) + (TV time weekend day x 2)]/7. Daily time (min/day) spent using the computer/games consoles was assessed similarly by asking 'How many hours a day do you usually use a computer/ games console for leisure activities?'. The child-targeted screen time questions have shown good one-week test-retest reliability (ICCs: 0.67-0.68) and moderate-to-good construct validity when compared with interview responses (ICCs: 0.56-0.68) 35 Parent physical activity and screen time behaviour-predictor variables Physical activity: Parental sport participation was assessed by asking 'How often do you exercise (e.g. at a gym/training studio, at home or outdoors) at leisure time?'. Response options were 1 (never), 2 (less than once a week), 3 (once a week), 4 (two times a week), 5 (three times a week), 6 (four times a week), 7 (five times a week), 8 (six times a week) and 9 (everyday). Outdoor activities were assessed in two items: 'How often do you and your child go on trips in the outdoors/nature together (e.g. forest, woods, mountains, lakes, rivers or by the sea)?' and 'How often do you and your child go on trips together in other green spaces (e.g. parks)?'. The response options for both items were 1 (never), 2 (less than once a month), 3 (monthly but less than once a week), 4 (once a week) and 5 (more than once a week). Walking and cycling for transport was assessed separately using two questions: 'How do you usually travel to/from work?' (by bike, foot, car, public transport) and 'How long does it usually take you to travel to work from home with your usual mode of transportation?' (five response categories ranging from 0 to 5 min to more than 60 min). Total daily minutes spent respectively in walking and cycling for transport was calculated by multiplying the mean time of the response category times two (i.e. it was assumed that if an adult cycled or walked to work, the same mode of transportation was taken on the way back). Screen time: Parents' time spent watching TV/DVD and using a computer/games console was assessed using the same questions and formula used for the children. The parent-targeted screen time questions have demonstrated good-to-excellent one-week test-retest reliability (ICCs: 0.79-0.83) and construct validity when compared with interview responses (ICCs: 0.73-0.90). 36 
Socio-demographic variables
Socio-demographic variables measured included child and parent age and gender, language spoken at home (native, other) and parental education (low: both parents less than 14 years of education, middle to high: at least one parent more than 14 years of education). In this international dataset this approximately distinguishes families with at least one caregiver who has completed medium or higher vocational, college or university training from other families.
Statistical analyses
Multilevel multivariate regression models were run to assess associations between parent and child physical activity (sport, outdoor activities, walking and cycling for transport) and screen time (TV/ DVD and computer/games console use). Analyses were adjusted for child and parent gender, age, language spoken at home and parental education. Because of the nested design, i.e., children nested within countries and schools, the intraclass correlation coefficients (ICCs) in relation to children's physical activity and screen time were calculated to estimate the strength of clustering by school and country. Some of the ICCs were considered too high (i.e. ! 0.05), indicating that adjustment for clustering by school and country was needed. Hence, multilevel modelling using a random intercept fixed slope model (three-level: child-school-country) was applied in the regression analyses to account for clustering of children in schools and in countries. Additionally, interaction terms were entered in the regression models and stratified analyses were conducted to examine whether the associations are moderated by parent and child gender. Associations are presented using standardised and unstandardised beta coefficients, 95% confidence intervals and p-values with significance levels set at P < 0.05. Children and parents with missing data across variables were excluded from analyses. Descriptive analyses were performed in IBM SPSS Statistics (version 22.0). The multilevel multivariate regression analyses were conducted using MLwiN (version 2.22).
Results
Descriptive statistics are presented in Table 1 . Children's mean age was 11.2 (SD: 0.8) years, 49% were boys, 90% spoke the native language at home, 83% of parents were mothers, and 63% had at least one parent with ! 14 years of education. On average, children participated 5.4 times/week (SD: 2.3) in sport and 6.0 times/week (SD: 2.4) in outdoor activities. Children's mean daily time spent walking and cycling for transport was 9.5 min (SD: 16.4) and 6.6 min (SD: 13.8), respectively. Their mean daily time spent watching TV/DVD and using the computer/games consoles was 96.0 min (SD: 60.0) and 72.0 min (SD: 60.0), respectively. Compared with girls, boys had higher screen time levels, and they participated in sport and outdoor activities more often (P < 0.001). On average, parents engaged 3.5 times/week (SD: 2.2) in sport, and
child. Parents' mean daily time spent in walking and cycling for transport was 6.7 min (SD: 19.7) and 5.8 min (17.1), respectively. Their mean daily time spent watching TV/DVD and using the computer/games consoles was 96.0 min (SD: 54.0) and 36.0 min (SD: 42.0), respectively. Compared with mothers, fathers had higher screen time levels, and they engaged in walking and cycling for transport more often (P < 0.001).
The results of the multilevel-multivariate regression analyses examining associations between parent and child physical activity and screen time are presented in Table 2 . Higher parental participation in sport, outdoor activities, and walking/cycling for transport was associated with higher engagement in these physical activities in children (P < 0.001). Similarly, higher parental TV/DVD viewing and computer/games console use was associated with higher engagement in these screen-based activities in children (P < 0.001). Analyses by parent gender revealed that maternal, but not paternal, participation in sport, outdoor activities and walking for transport was associated with higher participation in these activities in children (P < 0.001). In contrast, both maternal and paternal cycling for transport were associated with higher engagement in cycling for transport in children (P < 0.05). In addition, both maternal and paternal TV/ DVD viewing and computer/games console use were positively associated with children's TV/DVD viewing and computer/games console use (P < 0.01). Further analyses by child gender showed mothers' participation in sport, outdoor activities and walking/ cycling for transport were positively associated with all these physical activities in girls (P < 0.01), whereas in boys it was only mothers' participation in sport and cycling for transport (P < 0.01).
Furthermore, maternal TV/DVD viewing and computer/games console use correlated positively with these screen-based activities in both boys and girls (P < 0.001), whereas paternal TV/DVD viewing and computer/games console use correlated only positively with this screen use in boys (P < 0.001).
Discussion
This study investigated associations between parent and child specific physical activities and screen time behaviours, taking into consideration differences by parent and child gender. Our findings Abbreviations: SD = standard deviation, % = percentage.
showed that children from families with higher maternal participation in sport, outdoor activities and walking for transport had higher physical activity levels in these domains. This is consistent with the results from other studies 18, 30 showing that maternal modelling of physical activity is linked to higher physical activity participation in children. For example, Jacobi et al. 18 found that mothers' physical activity participation was positively associated with the physical activity engagement of boys and girls. However, in the present study mothers' participation in outdoor activities significantly correlated with outdoor activities in girls but not in boys. Perhaps, girls are more susceptible for role modelling from their mother than boys who may require less inspiration for playing outdoors. Other studies 16, 30 have shown that both maternal and paternal role modelling positively influence children's physical activity participation. A possible explanation for the positive influence of parental modelling on children's physical activity behaviours may be that when seeing their parents engage in sport, outdoor activities and walking/cycling for transport children form positive cognitions towards these physical activities. 15 Children may be inspired through observation of their parents' active lifestyles or participation in active recreation with their parents, 17, 37 and incidental physical activities such as walking and cycling for transport may become habits integrated in family life. It may also be that active parents are more likely to provide instrumental support (e.g. providing transport, equipment, fees), encouragement and appraisal for sport and outdoor activities to their children. 17, 37 These forms of parental support have consistently shown to be associated with physical activity in children. 11, 26 Maternal and paternal TV/DVD viewing and computer/games console use were positively associated with children's engagement in these screen-based activities. This finding is consistent with those from previous studies 20, 28, 29 showing that both mothers' and fathers' role modelling of TV viewing are associated with increased TV time in children. Jago et al. 28 found that mothers' role modelling of TV viewing predicted child TV viewing more strongly than fathers' role modelling of this behaviour. Our study showed similar results. Mothers' role modelling of TV/DVD viewing and computer/games console use significantly influenced these screen-based behaviours in both boys and girls, whereas fathers' role modelling of TV/DVD viewing and computer/games console use significantly influenced these behaviours in boys, but not in girls. These gender-specific findings are interesting but difficult to explain. It may be that girls are more likely to adopt behaviours from their mothers, whereas boys are more likely to copy behaviours from their fathers. Bandura 38 noted that children learn behaviours performed by models of both genders, but tend to execute the behaviour of same-gender models. Notwithstanding the gender differences, the high screen use observed in parents and children is probably due to the ubiquitous presence of screen devices (e.g. TV, computers, tablets, smartphones, games consoles) at home, particularly in bedrooms. 14 Overall, the findings from the present study suggest that maternal modelling of physical activity and screen time may have a greater influence on these health behaviours in boys and girls compared with paternal modelling. This may be explained by the mothers' role as the primary caregiver. Mothers typically spend more time supervising the children compared with fathers; 39 hence, it is perhaps not surprising to find that that maternal modelling affects children's health behaviours more than paternal modelling. However, maternal influence may diminish when children get older, and become more independent and mature. 40 This study had some limitations. First, the cross-sectional design precludes the inference on casual relationships. Second, the reliance on solely self-reports for assessing parent and child physical activity and screen time behaviours might have introduced recall bias. Third, some survey questions assessed parental modelling by asking parents about their physical activities with the child, whilst other questions assessed it by asking parents about their individual activities without the child being present. This inconsistent measurement approach limits the interpretability of the study findings because different psychological learning processes may underlie parental modelling in the form of physical activities with the child as opposed to activities without the child being present. 38 Finally, the potential influence of paternal modelling could only be examined in a subsample of 17%, as only 494 fathers completed the parent survey; this may have compromised statistical power for the gender-specific analyses. Future studies examining the influence of parental modelling of active and sedentary behaviours should use a combination of survey and objective measures (e.g., accelerometers) to limit the possibility of social desirability and recall bias whilst still investigating specific types of activity behaviours. In addition, it may be important to distinguish between role modelling in the form of parents' physical activity and screen use with their children as opposed to parents' engagement in these activities without their children. 16 Likely, it is parents' physical activity with their children and limited screen use in the home that will stimulate an active lifestyle in children. Future studies examining the influence of gender-specific parental modelling on children's health behaviours could benefit from recruiting more fathers. To date, it has been mainly mothers who complete parent surveys and participate in family-based interventions.
11
Conclusions
Maternal modelling of healthy active behaviours such as sport, outdoor activities and active transport may have a greater influence on children compared with paternal modelling, whereas unhealthy sedentary behaviours such as TV/DVD viewing and computer/games console use seem to be modelled by both parents equally. The influence of parental modelling appears to be slightly stronger in parent-child pairs of the same gender. These observations suggest that family-based interventions to improve physical activity and screen time behaviours in children are likely more effective when both mothers and fathers model the recommended levels of physical activity and screen time.
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Key points
Maternal rather than paternal modelling of physical activity is positively associated with children's physical activity levels, whereas both maternal and paternal modelling of screen time is negatively associated with children's sedentary time. The influence of parental modelling appears to be stronger in parent-child pairs of the same gender. Family-based interventions to improve physical activity and screen time in children may be more effective when both mothers and fathers model recommended amounts of physical activity and screen time.
Future family-based interventions should focus on improving physical activity and sedentary behaviours in both parents and children. This may include approaches where parents and children model and support each other in achieving physical activity goals and screen time limits.
